Abstract: Plant essential oils have bacteriostatic activity in very low concentrations, thus they can be used as natural preservative in food products. The aim of this work was to understand the inhibitory and non-bactericidal effects of essential oils in low concentrations. To meet this aim some physical and biochemical properties of two P. orientalis strains isolated from food probes were investigated under the influence of plant oils. Control probes -without oils -played an important role in our investigations because P. orientalis is not a well-known and described species. Thus, these results allow us to gain additional knowledge about bacteria from P. orientalis species. The obtained results are proof that under the influence of oils, bacteria lose their ability to move, change their morphology, and also reduce their metabolic activity. However, they do not die, and properties such as the ability to produce ammonia, the ability to production of indole from the amino acid tryptophan as well as the ability to assimilation of saccharides are maintained.
Introduction
Essential oils (EOs) can effectively inhibit growth of some bacteria, thus they are used in the food industry as a natural preservative [1] [2] [3] [4] [5] . For example, coriander, thyme, and oregano are applied as a bacteriostatic factor against L. monocytogenes in some meat and milk products; salvia, melissa, mustard and marjoram oils are added into meat and vegetable products to inhibit growth of Salmonella sp. and E. coli [6] [7] [8] [9] . Plant oils can also be used as additives into functional packages. The purpose of such antimicrobial packaging is to reduce or prevent the growth of microorganisms by increasing the phase lag and limiting the growth rate of microorganisms [10] [11] [12] [13] .
The main advantage of EOs is that they have an antimicrobial effect at low concentrations (e.g., black pepper oil inhibit growth of Enterobacter aerogenes in the concentration of 0.5 mg/mL, and P. aeruginosa in the dose in the range of 0.07-12.8 mg/mL, P. aeruginosa can be also inhibited by Piantaga major oil in the dose of 1.0 mg/mL and by Matricaria chamomile oil in the concentration of 10 μg/mL) [1, [14] [15] [16] [17] . Such concentrations do not cause resistance mechanisms in bacterial cells. Several reports tell us about bacteriostatic effects of subinhibitory concentrations of plant oils against saprophytic microorganisms. They mainly concern such a mode of antibacterial action as influence of phospholipid bilayer of the cell membrane, ATP synthetizing, pH gradient across the cytoplasmic membrane, inhibition of quorumsensing action, as well as destruction or inactivation of genetic material [17] . However, in the literature there is no information about the influence of EOs on physical and biochemical properties such as the ability to synthesise indole, the presence of urease, the ability to assimilate and ferment saccharides. However, it as an important issue, necessary to completely explain the mechanisms of antibacterial action of plant oils. As studies confirm that oils in low concentrations do not cause cell death but affect, among others, intracellular activity, it is worth checking whether it will refer to such features as the ability to convert saccharides. It is also important to verify that the oils do not cause significant changes in the basic pathways of metabolic bacteria generating some new undesirable products (an issue particularly important when the oils are used in the food industry in the form of natural food preservatives).
The aim of this work was to estimate the influence of selected essential oils in sub-inhibitory concentrations on physical and biochemical saprophytic species P. orientalis, until now little explored.
Material and Methods

Preparation of bacterial cultures
P. orientalis P49 and P. orientalis P110 strains came from the collection of the Department of Biotechnology and Food Microbiology, Poznań University of Life Sciences, Poland. Strains were obtained from two different strains independently and were identified by the 16S rRNA gene amplification. The glycerol stock cultures were prepared and kept at −80 ºC prior to use. They were centrifuged (3000 rpm, 5 minutes) and the bacteria pellet was re-suspended in nutrient broth and incubated at 30ºC for 24 hours. The overnight cultures were standardized to a concentration of 1.0×10 7 CFU mL −1 .
Essential oils (EOs)
EOs were extracted from juniper fruits (Juniperus communis L.), lemongrass leaves (Cymbopogon citratus), rosemary leaves (Rosmarinus officinalis), and black pepper (Piper nigrum) fruits by hydro-distillation using a Clevenger-type apparatus. Each plant (100 g of dried powdered material in each cycle) was placed in the 1 L round-bottom flask with 300 mL of distilled water and boiled for 2 hours. The extraction was carried out until 10 mL of each oil was obtained (1 572 g of black pepper fruits, 1 686 g of lemongrass leaves; 789 g of juniper fruits, 1 333 g of rosemary leaves were used). The plant oils were collected, dried over anhydrous sodium sulfate and stored in hermetic vials at 4ºC before use. The spices and herbs were bought in Eco Farma (Łódź, Poland). The company has all the necessary quality certificates.
Chemical composition of EOs
In the aim to extract the essential oils, 50 g of ground fruits or leaves were subjected to hydro-distillation in a Clevenger apparatus for 3 hours with 300 mL of deionized water. The resulting essential oils were dried over anhydrous sodium sulfate and stored at 4 °C until further filtration [18] . Analysis of essential oil composition was performed by gas chromatography-mass spectrometry (GC-MS) analysis using a Hewlett-Packard HP 7890A GC coupled to a 5975C MS (Agilent Technologies, USA) with a SLB-5ms column (Supelco) (30 m x 0.25 mm x 0.5 μm). Operating conditions for GC-MS analysis were as follows: helium flow, 0.8 ml/min; initial oven temperature, 40°C (2 minutes), raised to 240°C at 8°C/min rate, held for 6 minutes isothermally. For all peaks retention indices were calculated to compare results obtained by GC-MS with literature data [19, 20] . Retention indices were calculated for each compound using homologous series of C7 -C20 n-alkanes. Mass spectra were recorded in electron impact mode (70 eV) in a scan range of m/z 33-350 [18] . The ion source temperature was set at 200°C. Identification of volatiles was performed in two ways, depending on the availability of standard compounds: full identification comprising of comparison of mass spectra and retention indices (RI), was performed when the reference standard of the investigated compound was available. If the standards were not available identification of volatiles was performed by comparison of retention indices with literature data [21, 22] and mass spectra of eluting compounds to those of the NIST 05 library match (NIST MS Search v2.0, 2005). The composition of EO has been expressed as the percentage composition calculated from the chromatogram obtained on the DB-5 column. Normalized peak area % were calculated based on the total ion chromatogram (TIC) without obtaining response factor for particular compounds. Reference standards such as: α-pinene, camphene, β-pinene, α-phellandrene, α-terpinene, p-cymene, limonene, 1.8-cineole, ƴ-terpinene, linalool, terpinen-4-ol, β-caryophyllene were obtained from Sigma Aldrich (Poznań, Poland). The purity of reference standards was no less than 95%.
Antibacterial activity of tested EOs
The minimal inhibitory concentrations of investigated EOs were determined. In that aim mother cultures of both P. orientalis strains were set up 24 hours before the assays in order to reach the stationary phase of growth.
Subsequently, the Minimum Inhibitory Concentrations (MIC) of oils were determined by the method recommended by the National Committee for Clinical Laboratory [23] with some minor modifications. To enhance EOs solubility Tween-20 (Sigma) was incorporated into the Enriched Broth medium with agar in a final concentration of 0.5% (v/v). A series of two fold dilution of each EO, ranging (determined based on previous observations) from 0.6 to 9.6 mg/mL, was prepared in Mueller Hinton agar at 48°C. Petri plates were dried at room temperature for 30 With the aim of observing if and how the addition of EOs affects the metabolic pathway of bacteria P. orientalis, in the second variant of the experiment, besides the saccharides, also selected oils in the sub-inhibitory concentration were added to the BW medium.
Bacteria media
Physical properties of P. orientalis strains 2.6.1 Cell morphology
Cell morphology was observed in preparations stained with crystal violet in an inverted microscope under a total magnification of 1000x. The length and width of bacteria cells was measured using AxioVision computer software (ZEISS, Germany). Control preparations of proper morphology of P. orientalis cells were done after 24 hours of bacteria cultivation in BW liquid medium. The experiment was performed in duplicate. In order to observe changes in cell` morphology, bacteria were cultivated in BW medium with the addition of EOs in sub-inhibitory concentrations.
Motility test
The ability of the tested bacteria to move was tested on BW medium with agar (0.3%) and with the addition of triphenyl tetrazolium chloride. The hot medium was poured into glass test tubes. After stiffening, a stabbed culture was made with a microbial needle. After 24 hours of breeding (30 º C), the result was analyzed. The ability to move is demonstrated by the way of bacteria growth in the medium -moving species tended to grow in the entire volume of the substrate. Movement of cells as an energy process activated dehydrogenases catalyzing the reduction of colorless triphenyl tetrazolium chloride to red trifenylofuran, which facilitated the reading of results. The influence of selected EOs in sub-inhibition concentration into P. orientalis motility was also tested. For this aim the experiment was carried out according to the above described method; however, BW medium with agar was supplemented by selected EOs in sub-inhibitory concentrations.
Biochemical properties 2.7.1 Urease test
The test based on the ability of the urease enzyme to hydrolyze urea to carbon dioxide and ammonia. The production of ammonia by P. orientalis strains was tested on the Christenene agar with urea. Urease-positive strains grown on this medium, releasing ammonia, caused an increase in pH, which caused the phenol red used as an indicator to turn red. In the aim to observe the influence of sub-inhibitory concentrations of selected EOs on the ability to production of ammonia by P. orientalis strains, Christenene agar with urea was supplemented by selected EOs.
Indole test
This test was carried out to analyze the ability of microorganisms to produce indole from the amino acid tryptophan. Bacteria were cultured in peptone water for 24 hours, and then Kovács reagent was added to the culture for detection of indole (0.5 mL per 5 mL of culture). In the case of a positive reaction, a pink-red color appears. An experiment was also carried out when the peptone water was supplemented by EOs in sub-inhibitory concentrations to observe if EOs exerts influence on the ability to idole production by P. orientalis strains.
Saccharides assimilation test
A saccharides assimilation test was carried out using the plate method on BW medium with agar (2%). To 10 mL of medium, dissolved and cooled to 50-55 The experiments were also carried out with EOs to estimate the influence of sub-inhibitory concentrations of selected oils on the ability of saccharide assimilation by P. orientalis bacteria. In that aim, BW medium was supplemented by EOs in very low concentrations.
Saccharides fermentation test
The ability to ferment D-glucose, D-fructose, D-xylose, D-mannose, L-arabinose, D-galactose, sucrose, D-sorbitol, D-mannitol, D-maltose, D-melibiose, maltotriose, ribose, D-raffinose, D-xylose, inulin, α-lactose, amylose, amylopectin, starch, glutamine, D-trehalose, L-rhamnose, and glycerol was tested on BW medium, where the selected saccharide was a carbon source. Breeding was carried out at 30 º C for 7 days. A positive result was the ability of the tested strains to produce metabolites from the supplied carbon source. After fermentation, cultivations were centrifuged (3000 rpm, 10 minutes). The supernatants were analyzed by high-performance liquid chromatography technique. The experiments were done in duplicate.
The influences of supplementation of cultivations with EOs in MIC concentrations on the ability of secondary metabolites production by bacteria P. orientalis were also tested. Cultivations were carried out according to the method described above, but into each probe an adequate essential oil in a sub-inhibited concentration was added, and then the HPLC analysis was carried out. The results were compared to these obtained in cultures without EOs addition. The experiments were done in duplicate.
Analytical procedures
The ability of metabolite production by P. orientalis P49 and P. orientalis P110 was determined with a high liquid performance chromatography technique (HPLC). The Elite LaChrom firmy VWR-Hitachi system consisting of an auto sampler L-2200, a pump L-2130, and a refractive index detector RI L-2490 and detector UV L-2400 was used. The analysis was performed isocratically at a flow rate 0.6 mL/min. at 65°C, on a Rezex ROA 300x7.80 mm (Phenomenex). 0.005N H 2 SO 4 was also used as a mobile phase. Qualitative and quantitative identification was made using the external standard method using peak areas (measurement and computer integration were done by EzChrom Elite). Analysis was done in duplicate.
Statistical analysis
All experiments were done in duplicate, and mean values are presented. The statistical tests were performed at the significance level α=0.05 (Statistica 9.0).
Ethical approval: The conducted research is not related to either human or animal use.
Results and Discussion
In our research we decided to investigate the influence of selected EOs in sub-inhibitory concentrations into physical and biochemical properties in P. orientalis. Generally, P. orientalis is a little known species. In the literature there is a lot of information about the interaction of plant bioactive compounds into bacteria cells, e.g. changes in cell membrane, destruction of DNA, changes in ATP synthesis [6, 17, [24] [25] [26] . These mechanisms are well known, however, there is no data with regards to P. orientalis bacteria. Bioactive components of EOs, due to their hydrophobicity, can affect the percentage of unsaturated fatty acids in the cell membrane and change their structure. The use of concentrations of oils lower than the MIC value may cause an increase in the amount of unsaturated fatty acids responsible for the fluidity of the cell membrane, which results in structural changes of the membrane. The activity of phenolic compounds (e.g. eugenol) can cause an increase in the content of saturated fatty acids with a decrease in the content of unsaturated fatty acids in the bacterial cell membrane. This results in increased stiffness of the cell membrane and eventually its degradation. Ingredients of essential oils may also affect the activity of enzymes responsible for fatty acid synthesis [4, 7] . Bioactive components of EOs can also interact with proteins in bacterial cells and affect cell division. These compounds also affect the expression of genes and influence on the regulation and synthesis of enzymes or chaperone proteins associated, among others, with the thermal stress of the cell. The activity of EOs components in relation to proteins affects the overall functioning of the bacterial cell [7, 9] . EOs bioactive components can also have an effect on ATP inside the cell. They cause permeabilization of the cell membrane, which influenced the reduction of ATP concentration inside the cell. Permeabilization of the cell membrane also causes an excessive loss of phosphorus ions, as well as hydrogen and potassium, which results in impaired proton pump functioning and a reduction in the amount of intracellular ATP [7, 14] . Plant oils also have the ability to influence the morphology of a bacterial cell. It has been shown that oblong-shaped cells are more sensitive to these compounds than cocoids. Changes in bacterial morphology are also different for Gram-positive and Gramnegative bacteria. The action of essential oils on bacteria can cause changes in the shape of cells, for example by extending them. It can be observed that bacterial cells treated with oils cease to be visibly separated from each other due to the degradation of their cell membranes. Damages of the protein-lipid membrane may lead to coagulation of the cytoplasm and complete release of cellular content [7] . The EOs active compounds are also able to inhibit the phenomenon of quorum sensing (QS), which is an intercellular communication system occurring at a sufficiently high cell density. The QS phenomenon regulates a number of activities, such as biofilm formation, sporulation or virulence factors. Expression of QS genes results in the production of signaling molecules. Inhibition of the QS phenomenon by oil substances occurs, among others by inhibiting the synthesis, transport or secretion of signaling molecules. This leads to a reduction in the formation of bacterial biofilms and proteolytic activity and to the reduction of bacterial virulence [7, 14, 17] .
Despite the fact that the mechanism of antibacterial activity of EOs are known and constantly examined, there is no data about the influence of EOs` bioactive compounds on indole production and metabolic pathway of bacteria; moreover, no data is available on the influence of EOs on metabolic activity of P. orientalis. Thus, in our work we decided to check whether these oils affect any of these properties of bacteria in any way. We also investigated their influence on the motility of bacteria cells. P. orientalis strains were used as a model organism in that study because we are conducting research on the possibility of inhibiting the growth of saprophytic bacteria by selected EO in fish products including sushi (EO could be added. e.g., into dressing) (not published data). In addition, this species of bacteria has not yet been described in terms of its physical and biochemical properties. In our experiments, the sub-inhibition EO doses (Table 1) were used. The values are given both in μL/mL and mg/mL. All oils have an antibacterial activity in the concentration of 200 μL/mL which has been converted to mg/mL based on the dry matter content of the oils.
The content of individual bioactive components in oils was determined (Table 2 ).
In Table 2 Component identification 1 -compounds identified by comparing their retention index (RI) with literature data [21, 22] and mass spectra obtained by MS(EI) with NIST 05 library, 2 -compounds identified by comparing them with reference compounds on the basis of retention index (RI) and mass spectra obtained by MS(EI); % Composition -the percentage composition calculated from the chromatogram obtained on the SLB-5 column; RI-SLB-5 -retention index on SLB-5 column.
The composition of individual EOs varies considerably. The dominant components of juniper oil are α-pinene, ß-pinene and ß-myrcene which are account for 33.1, 12.2 and 11.8% of all volatile components respectively. In black pepper oil the highest content of ß-caryophyllene (18.8%) and α-terpinene (15.8) were found. 1.8-cineole and α-pinene are the main components of rosemary oils representing 44.2% and 18.4% respectively. The highest content of neral was observed in lemongrass oil (neral -38.5%; geranial 29.7%). Threse compounds also occur commonly in oils obtained from other plants, such as Turkish and Indian lemon fruits (among other α-pinene, α-terpineol, β-myrcene, β-pinene, neral). In the work of Al-Jabri and Hossain [27] , it was stated that the above mentioned bioactive components play a key role in the antibacterial action of Turkish and Indian lemon fruits oils against such bacteria strains as S. aureus, E. coli, P. aeruginosa and P. vulgaris. Hanaa et al. [28] obtained EO from lemongrass leaves by the hydro-distillation method. The main components were geranial (37.24%), neral (31.28%), and myrcene (15.42%). Despite method of oil extraction being the same as in our work, the composition of oil was significantly different. According to the work of Pintore et al. [29] the main bioactive components of Rosmarinus officinalis from Sardinia and Corsica are α-pinene (13.7-24.6%) and bornyl acetate (11.3-17.0%). The limonene concentration was equal 1.4-4.6%. Chandran et al. [30] obtained pepper oil from black pepper fruit (Panniuyur) using the same method used in presented work (hydro-distillation). The level of ß-caryophyllene was equal 15.65±0.29% and was comparable to our results (ca. The results showing the influence of plant oils on bacteria motility and the ability to produce ammonia and indole are presented in Table 3 . In the control probes EOs were not added, while in the test probes oils were used at a designated sub-inhibitory concentration.
The results indicated that the investigated EOs in subinhibitory concentration did not influence the ability to urease and indole synthesis by tested strains. However, bacteria have lost their ability to move which is probably due to the change of the shape of the cell under the influence of oils and flagella damage. In the literature we can find data about the influence of bioactive compounds of EOs on the synthesis of flagellin. Hyldgaard et al. [20] indicated that E. coli is able to grow in the presence of sub-inhibition concentration of carvacrol, but it inhibited the synthesis of flagellin, which caused new cells without flagella to be generated. Moreover, cells which had flagella exhibited decreased motility at increasing carvacrol concentration. The authors also indicated that carvacrol disrupts the membrane potential and thereby the proton motive force needed to drive flagellar movement. In the next experiment, sub-inhibitory concentrations of tested oils were added into bacterial media and after 24 hours of cultivation the morphological changes were observed. (Figure 1) . In some cases bacteria also aggregate. Cell clumping under the influence of EOs was also observed by Nazzaro et al. [7] . They explained this phenomenon as a result of a degradation of cell membranes. The P. orientalis cells incubated with a sub-inhibition concentration of selected EOs were also smaller than normal cells. Such a tendency was also described by Nazzaro et al. [7] . This is a proof that EOs may be capable of disrupting the membrane and then allowing the leakage of intracellular constituents.
Also in other studies, changes in bacteria shape under the influence of EOs were observed. Among others, Devi et al. [19] observed that exposure of Salmonella typhi to 1% (v /v) of eugenol changes cell morphology to a rough appearance, and cells appear to have shrunk. An interaction in bacterial cell membrane and, as a consequence, ability of EO to change the shape of a cell is possible because the hydrophobic components of EOs' can easily pass through the membrane and interfere with molecular transport mechanisms [7, 32] . Also phenolic compounds can exert influence on cell shape because of the acidic characteristic of its hydroxyl group. Phenolic compounds are able to change cell fluidity and permeability and interfere with the enzymes involved in energy production and interrupt the protein motive force [7, 19, 32] .
Finally, we decided to understand if EOs in low concentrations can influence assimilation and fermentation of selected carbon sources. In these experiments bacterial media were supplemented by proper saccharides and sub-inhibitory concentrations of investigated plant oils. The results of saccharide assimilation with and without (control probes) EOs are presented in Table 4 . In turn, Table 5 presents the ability of P. orientalis strains to convert saccharides into organic acids and ethanol (with and without the presence of oils). The influence of sub-inhibitory concentrations of plant oils into motility and ammonia and indole production in P. orientalis strains.
P. orientalis P49
P. orientalis P110 motility urease production indole production motility urease production indole production Table 4 : The ability of assimilation of selected saccharides by P. orientalis strains in normal cultivation and under the influence of investigated EOs in sub-inhibition concentrations. that the tested strains are an environmental isolates, so they naturally possess some ability to adapt to stressful conditions. However, the utilization of saccharide and its conversion into organic acids (lactic, succinic, and L-pyroglutaric) and ethanol was observed only in case of glucose, glycerol, mannitol, xylose, starch, fructose, amylopectin, lactose, glutamine, and amylose. The results were compared with the ones obtained after Table 5 : The ability of utilization/conversion of selected saccharides by P. orientalis strains in normal cultivation and under the influence of investigated EOs in sub-inhibition concentrations.
Control probe
cultivation of bacteria in the presence of tested EOs. The results suggested that EOs did not inhibit the ability to ferment/convert saccharides as a carbon source and only a limit in product formation was observed. Generally, P. orientalis converts saccharides into organic acids in very low efficiency. The exception was L-pyroglutaric acid from glutamine, because bacteria can effectively convert that substrate into product (0.14 M glutamine -0.11 M L-pyroglutaric acid). As we can see (Table 4 ), the addition of EOs into media do not significantly decrease acids synthesis. The concentrations of metabolite products have only been slightly reduced. This is further proof that EOs in sub-inhibition concentrations do not cause cell death, nor do they completely block intracellular metabolism.
There is little data on the ability of P. orientalis bacteria to assimilate and ferment saccharides available in the literature. Dabboussi et al. [33] in their work taxonomic study of bacteria isolated from Lebanese spring waters, investigated the ability of Pseudomonas strains to utilize different compounds as a sole source of carbon and energy. Their results are comparable with ours. P. orientalis assigned as CIP 105540 was also able to assimilate ribose, D-xylose, D-mannose, D-mannitol, D-trehalose, D-sorbitol and disable assimilation of melobiose, L-rhamnose, raffinose, and matlotriose. Dabboussi et al. [33] also stated that P. orientalis is able to utilize D-glucose, D-galactose, D-mannitol, D-xylose, D-trehalose, D-fructose and disable use of D-lactose, D-maltose, D-melibiose, raffinose, maltotriose which was partially in line with our observations. Our strains did not produce metabolites from D-galactose and were able to convert D-lactose into organic acids. However, in the above mentioned papers there is no data about the products of that utilization. Unfortunately, no studies have been published on the ability to assimilate and ferment the saccharides under the influence of essential oils. Therefore, it is not possible to compare the above results with related works.
Conclusions
The results of our research arefurther evidence that EOs at low concentrations have a bacteriostatic and not bactericidal effect on bacteria cells. Moreover, our study is the first one to describe the influence of EO in subinhibitory concentrations on the ability of bacteria to assimilate and ferment selected saccharides. Noteworthy, such studies allow us to obtain additional data on physical and biochemical characteristics of less known bacterial species -P. orientalis.
